We present an alternative 2-parametric deformation GL(2) h,h ′ , and construct the differential calculus on the quantum plane on which this quantum group acts.
I. Introduction
Recently quantum matrices in two dimensions, admitting left and right quantum spaces, are classified 1 . They fall into two families. One of them is the 2-parametric extension of q deformation of GL (2), which is well studied 2 . There is an alternative case which its R matrix is given in reference 1, and we denote it by R h,h ′ . In this paper we construct the quantum group associated with the R h,h ′ . On the other hand, it is also shown that 3 , up to isomorphism, there exist just two quantum deformation of GL(2) which admit a central determinant, the well known q deformation and recently constructed h deformation.
The 2-parametric defomation GL(2) q,p is studied in ref. 2 . R matrix associated with this quantum group which solves quantum Yang Baxter equation
is
Using the above R matrix and the method developed in ref. 4 , the algebra of the
 can be obtained. For the two parametric case, the quantum determinant is
The crucial difference with the one parametric case, is that the quantum determinant is not central but satisfies the following relations
there is an alternative R matrix
which solves (1) . The algebra of polynomials on the quantum GL(2) associated with the above R matrix for the special cases h = h ′ = 1 and h = h ′ are studied in references 5 and 6. The universal enveloping algebra U h (sl(2)) has also been constructed 7 and the quantum de Rham complexes associated with h deformation of sl (2) is given in ref. 8 .
The quantum groups which are associated with two matrices R and R ′ = (S ⊗S)R(S ⊗ S) −1 are equivalent. This is the case for the matrix R as given in eq. (5) when h equals
So for the special case h = h ′ , all the Hopf algebras for h = 0 are isomorphic to the case h = 1. Thus h is not a continous parameter of deformation. However for the general case h = h ′ , there is no such S which simultanousely fixes h and h ′ to one. Of course one can always fix h to one, but since we are interested in the classical limit h → 0, h ′ → 0 , we do not fix it to be one. In this paper we study 2-parametric deformation of GL (2), GL(2) h,h ′ , the quantum plane on which it acts and differential calculus on that plane.
II. The Algebra of Functions
Following the method of ref. 4 and using the R matrix (5), we arrive at the commutation relations of the quantum matrix
where D is
This algebra can then be made a bialgebra A h,h ′ (2) by definition of co-product and co-unit
For turning A h,h ′ (2) into a Hopf algebra we shoud be able to write down explicitly the inverse of the quantum matrix T . D, which is defined in (9) is quantum determinant and by direct verification it can be shown that
For the general case D is not central and its commutation relations with elements of T is
This is reminiscent of the other 2-parametric deformation, GL (2) 
from which it follows that:
It is easy to show that
where
So a consistent definition of inverse can be given by
Clearly for the case h = h ′ , M and M ′ coincide and determinant D is in the center of algebra. The quantum group GL(2) h,h ′ is defined as the Hoph algebra obtained from the bialgebra A h,h ′ (2) extended by the element D −1 and the antipode given by
III. Differential Calculus on The Quantum Plane
In this section we will construct a covariant differential calculus on the quantum plane.
General formalism for constructing differential calculus on the quantum plane has been given by Wess and Zumino 9 . In this paper we use the formalism of ref. 10 . Consider quadratic relations between coordinates x i of a non-commutative space
Introducing partial derivatives
and assuming deformed Leibniz rule for partial derivatives
one arrives at
If we now differentiate the commutation relations (26)
Since there are no linear relation among the variables x i , we have the following commutation relations
By defining an exterior derivative
which satisfy the undeformed Leibniz rule and the co-boundary condition
one can obtain the following commutation relations (see ref.
10 for more details) and Q should satisfy the Braid group equation
if we choose
where P is the permutation matrix, then all the consistency relations (41-43) are satis- 
Similarly one can obtain the relations of dual quantum plane R * h ′ (2) with the coordinates ξ and η
This means that T acts on the h plane and h ′ exterior plane. The relations between coordinates of quantum plane and its dual are
and the deformed Leibniz rule is given by:
and for the derivatives we have
Finally to complete the set of relations we give the relations among ∂ i and ξ
IV. Deformed Heisenberg Algebra
Now we will give a new deformed two dimensional Heisenberg algebra. It is interesting to note that for the general case (and also for the one parametric case h = h ′ ) identifying 
[p x , p y ] = −hp This gives a deformed Heisenberg algebra which can be used to study a two dimensional quantum space.
One of the intersting problems is constructing U(gl(2)) h,h ′ . In the case of q deformation, universal enveloping algebra of multiparametric case can be obtained, by simply twisting 11 , but for the h deformation, it should be clarified how to multiparametrize the universal enveloping algebra.
